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Abstract 10 
  Many diverse species yawn, suggesting ancient evolutionary roots. While yawning is 11 
widespread, the observation of contagious yawning is most often limited to apes and other mammals 12 
with sophisticated social cognition. This has led to speculation on the adaptive value of contagious 13 
yawning. Among this speculation are empirical and methodological assumptions demanding re-14 
examination. In this paper we demonstrate that if yawns are not contagious, they may still appear to 15 
be so by way of a perceptual pattern-recognition error. Under a variety of conditions (including the 16 
assumption that yawns are contagious) we quantify (via models) the extent to which the empirical 17 
literature commits Type-1 error (i.e., incorrectly calling a spontaneous yawn ‘contagious’). We report 18 
the results of a pre-registered behavioural experiment to validate our model and support our 19 
criticisms. Finally, we quantify – based on a synthesis of behavioural and simulated data – how 20 
‘contagious’ a yawn is by describing the size of the influence a ‘trigger’ yawn has on the likelihood of a 21 
consequent yawn.  We conclude by raising a number of empirical and methodological concerns that 22 
aid in resolving higher-order questions regarding the nature of contagious yawning, and make public 23 
our model to help aid further study and understanding. 24 
 25 
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Introduction 27 
 When Provine (1986) initiated modern academic interest in contagious yawning his interest 28 
was in whether the yawn was a human releasing stimulus, a stimulus which, when observed by 29 
another, ‘releases’ or elicits unlearned behaviour (Thorpe, 1963; Yoon & Tennie, 2010; Zentall, 2001). 30 
The yawn seemed a likely candidate at a time when few examples had been previously identified in 31 
humans (Eibl-Eibesfeldt, 1975). Provine established the standard protocol for the observation of 32 
yawns: show participants videos (or audio, or written descriptions) of yawns for several minutes and 33 
count the number of yawns observed. Then compare this number to the number of yawns observed 34 
when participants are exposed to other, equally identifiable stereotypic motor patterns (such as 35 
hiccups, sneezes, or laughter). On the face of it, the observation that yawns are contagious was 36 
reasonable, with written descriptions dating back at least as far as 300 BCE (Zimara, 1580). Provine’s 37 
interest was what yawning, as a releasing stimulus, revealed about our neurology and our 38 
evolutionary history, an interest that has continued to this day (for reviews see:Gallup, 2011; 39 
Guggisberg, Mathis, Schnider, & Hess, 2010, 2011). 40 
In the ethological literature (distinct from the medical literature), a contagion is a short-term 41 
spread of a species-specific behaviour aroused by a specific stimulus (often behaviour) expressed in 42 
others in a coordinated manner (Armstrong, 1951; Thorpe, 1963; Yoon & Tennie, 2010; Zentall, 2001). 43 
Examples may include mating displays, formidability displays, and flocking behavior. A contagious 44 
response is a very low-level cognitive response contingent primarily upon one’s perception of the 45 
stimuli. And yet, perception is a necessary but not sufficient explanation: it is known that yawn 46 
contagion is primarily a function of social considerations. We are far more likely to yawn to close 47 
family and friends, than we are to strangers or acquaintances (Demuru & Palagi, 2012; Norscia & 48 
Palagi, 2011); indeed, empathy, theory of mind, self-awareness, and psychopathy-related traits are all 49 
associated with one’s tendency to yawn contagiously (Bartholomew & Cirulli, 2014; Norscia, Demuru, 50 
& Palagi, 2016; Palagi, Leone, Mancini, & Ferrari, 2009; Platek, Critton, Myers, & Gallup, 2003; Rundle, 51 
Vaughn, & Stanford, 2015). Contagious yawning has been observed in non-humans, and is typically 52 
associated with that species’ social abilities (Demuru & Palagi, 2012; Gallup, Swartwood, Militello, & 53 
Sackett, 2015; Madsen, Persson, Sayehli, Lenninger, & Sonesson, 2013; Palagi et al., 2009; Romero, 54 
Ito, Saito, & Hasegawa, 2014).  While there are other explanations that are possible alternatives to 55 
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‘contagion’ (Yoon & Tennie, 2010), we will not further discuss these alternatives, as we intend to 56 
explore the status quo explanation: contagion.  57 
 So how seriously should we take the observation that yawns are contagious? Certainly, in 58 
groups, humans yawn. Not only do we see a temporal and spatial relation between yawning 59 
individuals, but we have an easily identified subjective experience associated with our own personal 60 
need to yawn in response to others. And yet in an abstract sense, much like the incorrect 61 
observations associated with the hot-hand fallacy (that basket-ball shooters have streaky 62 
performance which predicts future behaviour; Burns & Corpus, 2004; Gilovich, Vallone, & Tversky, 63 
1985), the observation that yawning is contagious may have arisen as a consequence of our tendency 64 
to see patterns and causation where none exists, to misinterpret the clumpiness of randomness as 65 
something else. That is, the observation of contagion in groups is a perceptual misunderstanding of 66 
randomness, and is a phantom-signal in the noise. While at a personal level, confirmation bias, in 67 
which situations that conform to our expectations are salient and memorable while those that fail to 68 
are not, could easily (and erroneously) lend weight to the claim that yawns are contagious. Human 69 
yawning is associated with the time of day (Zilli, Giganti, & Salzarulo, 2007), fatigue or boredom 70 
(Baenninger & Greco, 1991; Provine & Hamernik, 1986), various medical or psychological afflictions 71 
(Daquin, Micallef, & Blin, 2001; Walusinkski, 2009), the temperature of one’s brain (Gallup, 2011; 72 
Gallup & Gallup, 2008; Shoup-Knox, Gallup, Gallup, & McNay, 2010)  and, in experimental contexts, 73 
whether or not one is being observed (Baenninger & Greco, 1991; Gallup, Church, Miller, Risko, & 74 
Kingstone, 2016). Indeed, when one’s intent is to observe yawn contagion it is famously difficult; 75 
Baenninger and Greco (1991) wrote “in our laboratory we have consistently failed to find contagion of 76 
yawning when subjects are being openly observed” (pp. 454; that yawns are difficult to observe 77 
openly under laboratory conditions - for any researcher - should give pause for concern: for it is the 78 
opposite of our everyday experiences and observations – contagious yawns are almost always made 79 
or seen when being ‘openly observed’ in communal places).  80 
Human children yawn, but do not appear to do so contagiously until about the age of 5 or 6 81 
(Anderson & Meno, 2010; likewise in chimpanzees, Madsen et al., 2013), and as age increases in 82 
adulthood, the likelihood of catching a yawn decreases (Bartholomew & Cirulli, 2014). Considering all 83 
the apparent boundary conditions associated with the production of both spontaneous and 84 
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contagious yawning, it may be that the null hypothesis has not been considered seriously enough. 85 
Yawns are primarily only measured in the lab, under constrained circumstances after exposing 86 
participants to minutes of stimuli. Their co-occurrence in naturalistic settings is contingent upon a 87 
range of factors, all of which can produce an apparent sensation of contagion, despite the fact that 88 
logic (and statistics) suggest that even if yawns weren’t contagious, they may appear as if they were.  89 
 Independent of this, there is also a problem with analysis which could lead to an over-90 
estimation of how likely yawns are to occur, and what the typical latency of contagion is. Amidst an 91 
increasingly vocal cry for more rigour in statistical and experimental processes in the social sciences 92 
(Gelman & Loken, 2013; Simonsohn, Nelson, & Simmons, 2014a, 2014b), there are indications that 93 
measures don’t adequately handle Type-I error, or rule-of-thumb type heuristics are applied to 94 
intuitively handle the error. For example, as recently as last year, Gallup et al. (2016) wrote: “Since the 95 
rate of spontaneous yawning is quite infrequent, and studies have demonstrated that participants 96 
yawn much more frequently when watching a video stimulus depicting yawns compared to control 97 
stimuli, we can be confident that the vast majority of yawns reported in the current experiment 98 
were contagious [rather than spontaneous]” (pp. 3), and Norscia et al. (2016) that: “…we recorded 99 
yawn responses within a 3 min (sic) time window, thus reducing the probability of mistakenly coding 100 
spontaneous yawns as yawn responses” (pp. 3; emphasis added). Miscategorization of noise as 101 
signal, even within a conservative window, falsely inflates reported rates of focal behaviour. Even in 102 
studies where yawns are observed in control conditions, no attempt is made to use this information 103 
to inform the accuracy of the observations in test conditions. It is not enough to simply say that the 104 
treatment condition produced more yawns than the control, since the control produced yawns at a 105 
rate above 0. How many yawns in the treatment condition, then, were the product of the stimuli, and 106 
how many would have been produced independent of the stimuli?
1
. The rate of Type-1 error should 107 
be a serious concern, particularly since methods vary widely. Some studies categorize as contagious 108 
any yawn that occurs up to 5-minutes after a trigger yawn (Madsen et al., 2013; Palagi et al., 2009; 109 
                                                 
1
 Conversely, one could ask whether the control condition (say, listening to someone breathing 
ordinarily) also ‘releases’ yawns, but to a lesser extent? There is an additional line of enquiry rarely 
examined which involves the contagiousness of the control stimuli: if researchers  conduct t-tests on 
instances of yawning between conditions, ought they not also run the same analysis comparing the 
number of control condition-specific behaviors elicited between conditions? 
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Provine, 1986), some limit this to 3-minutes (Demuru & Palagi, 2012; Norscia et al., 2016; Norscia & 110 
Palagi, 2011) and some do not report at all the window in which they consider a yawn spontaneous or 111 
contagious (Bartholomew & Cirulli, 2014; Platek et al., 2003). Moreover, some authors exclude yawns 112 
that occur in the appropriate window of time if they cannot directly attribute it to a single trigger 113 
(thus systematically biasing latency measurements and ignoring base-rates; Demuru & Palagi, 2012; 114 
Norscia et al., 2016; Norscia & Palagi, 2011). Independent of this, the difficulty of observing 115 
contagious yawns in the wild has led researchers to employ extreme induction methods in the lab. 116 
Many studies expose participants to literally minutes of continuous yawning on various media 117 
(Bartholomew & Cirulli, 2014; Gallup et al., 2016; Madsen et al., 2013; Massen, Church, & Gallup, 118 
2015; O’Hara & Reeve, 2011; Provine, 1986, 1989). Taken together, the measurement and analyses of 119 
contagious yawns is far removed from the conditions under which most people believe contagious 120 
yawns occur – i.e., when being openly observed among others, after only a brief exposure, and with 121 
only a brief latency (see: Results).  122 
One possible solution in the management of these kinds of errors is the use of Agent-Based 123 
Modelling (ABM). Agent-Based Models simulate interacting agents according to given rules of 124 
conduct. In so doing complicated emergent phenomena can be observed and measured. The ‘Game 125 
of Life’, and cellular automata more generally, are excellent and historic examples of this approach 126 
(Gardner, 1970). An additional benefit of using models to understand social phenomena is that the 127 
building of such models requires the model’s author to make explicit assumptions that may be hidden 128 
using natural language (Marewski & Olsson, 2009). For example, spontaneous yawns are produced 129 
according to a number of factors, but how frequently do they occur? If I were to observe two ‘trigger’ 130 
yawns in quick succession, am I more likely to yawn contagiously than if I only observed one? What 131 
about 3, or 12, or 99? Does a trigger yawn leave a ‘trace’ such that I am more likely to contagiously 132 
yawn again within a certain time span, and if so, at what rate does the trace degrade?  Am I likely to 133 
respond to a trigger at a diminishing linear rate, or is the relationship curved? ABM’s allow the easy 134 
exploration of these questions, as well as management of Type-1 error. 135 
This paper describes one such model (publicly available [upon publication]), which will 136 
address various questions: How contagious are yawns? For how long is it appropriate to consider a 137 
spontaneous yawn a ‘trigger’? And how often do we miscategorise a spontaneous yawn (which 138 
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necessarily must occur at a base frequency) as a contagious yawn? We also seriously examine the null 139 
hypothesis: if yawns are not contagious, might it still look as if they were? The model is first 140 
presented along with data it produces based on hypothetical input. Second, we present a behavioural 141 
study closely matched to the model’s design, in order to ground the input and output variables. 142 
Finally, the results are presented by matching real data (from the behavioural experiment) to the 143 
agent-based model in order to address (and resolve) empirical and theoretical questions associated 144 
with the topic of contagious yawning (with both pre-registered and exploratory analyses).  145 
 146 
Methods: The Model 147 
The model is a cellular automata; a virtual world populated with agents who either yawn, or 148 
do not yawn. It is moderately analogous to a group of people sitting quietly in a room waiting for an 149 
appointment, passengers on a bus, or students in a classroom.  Time proceeds in discrete units 150 
(equivalent to 1-minute blocks), and the agents are given a base-rate probability of yawning in any 151 
given minute (e.g., 1%). If the random-number generator generates a number below the base-rate, 152 
the agent yawns (turns red; see Figure 1). If an agent is adjacent to a yawning agent within a fixed 153 
range (i.e., if an agent can ‘see’ another agent yawn), the likelihood of yawning increases above base-154 
rate (i.e., there is contagion; e.g., the increased likelihood might now be 2%). If the random number 155 
resolving yawns is less than the increased base-rate, but greater than the true base-rate (somewhere 156 
between 1% - 2%, for example), the yawn is considered contagious (and is highlighted by a yellow 157 
square). If the random number is less than the base-rate, then it can be assumed (probabilistically 158 
over the course of time) that the yawn was a spontaneous yawn, but only appears to be contagious 159 
by way of temporal and spatial proximity (hereafter referred to as an ‘incidental yawn’). For a more 160 
comprehensive description of the model see the supplementary material.  161 
 162 
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 163 
Model Data 164 
In order to demonstrate how the model works, the data it produces, and the potential extent 165 
of the operational problems in the yawning literature, we generated some data based on hypothetical 166 
input values. We assumed all agents were able to ‘see’ 8 other agents
 
(this number was chosen 167 
arbitrarily, though given that the model acts without error, the number of visible agents is 168 
inconsequential. i.e., the model has ‘perfect power’ to observe the effect). The simulation was run 169 
assuming yawns were contagious, and again assuming they were not. We ran our model using 3 170 
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yawn-latencies (1-minute, 3-minutes, and 5-minutes) over a total of 120 simulated minutes in order 171 
to determine the accuracy of [behavioral] coding methods employed. The simulation was run 25 172 
times for each set of values. Results are described in Table 1a and 1b. Given this is hypothetical data, 173 
so for the sake simplicity and interpretation, we have set the base rate of yawns occurring to once-174 
per-hour.  175 
 176 
Table 1a. Simulated Data in which yawns are not contagious and occur ‘once per hour’ (chance per 177 
tick = .0166) over 120-simulated-minutes (simulated 25 times). 178 
     
  
Mean 
Incidental 
Mean 
Contagious 
Mean 
Spontaneous 
Mean  
Total 
 
Percent 
Incidental 
Percent 
Spontaneous 
Latency 1 
267.56 
(16.30) 
0 1903.32 
2170.88 
(47.05)  
12.32% 87.68% 
Latency 3 
715.80 
(35.78) 
0 1470.64 
2186.44 
(52.07)  
32.74% 67.26% 
Latency 5 
1041.16 
(46.87) 
0 1133.84 
1275.00 
(57.33)  
47.87% 52.13% 
 179 
Note: Spontaneous values have been calculated by subtracting incidental and contagious yawns from 180 
total yawns. This is why there is no Standard Deviation. 181 
 182 
 183 
 184 
 185 
 186 
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Table 1b. Simulation Data in which yawns occur ‘once per hour’ (chance per tick = .0166) over 120-187 
simulated-minutes (simulated 25 times). Yawns increase the likelihood of subsequent yawns by a 188 
factor of 1.5. 189 
 
Mean 
Incident
al 
Mean 
Contagio
us 
Mean 
Spontaneou
s 
Mean  
Total 
 
Percent 
Incidental 
Percent 
Spontaneou
s 
Percent 
Contagio
us 
Latency 
1 
392.24 
(22.55) 
1076.84 
(27.64) 
1774.24 
3243.32 
(50.10)  
12.10% 54.70% 33.20% 
Latency 
3 
982.4 
(36.53) 
1084.96 
(32.84) 
1197.88 
3265.24 
(42.43)  
30.09% 36.69% 33.23% 
Latency 
5 
1360.12 
(42.23) 
1082.40 
(31.07) 
813.08 
3255.60 
(55.19)  
41.78% 24.97% 33.25% 
 190 
Note: Spontaneous values have been calculated by subtracting incidental and contagious yawns from 191 
total yawns. This is why there is no Standard Deviation. 192 
 193 
If we accept the extreme null hypothesis (that yawns are not contagious, and the appearance 194 
of contagion is an illusion), and assuming a 1-minute latency, then 12.10% of all yawns would be 195 
incidental, but would otherwise be incorrectly categorized as contagious. This value explodes to 196 
47.87% if we assume yawns are contagious for 5 minutes. Thus, much like the previously mentioned 197 
apparent hot-hand effect, the observation that yawns are contagious can easily be made in error – 198 
yawns may look contagious, even when they are not. 199 
If yawns are contagious (as the evidence suggests) then the true rate of contagious yawning 200 
(at 1 minute latency) is 33.20%, with an additional 12.10% of all yawns identified as incidental (and 201 
miscategorised as contagious). With a 5-minute latency we are wrong more often than we are right, 202 
with 41.87% of yawns being incidental and only 33.25% being contagious. Critically, if yawns are 203 
actually contagious for 1 minute, but we incorrectly assume that yawns are contagious for longer, 204 
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then these values balloon. If we assume yawns are contagious for longer than they really are, then 205 
the true rate of contagion stays constant at around 1/3
rd
 (as per Table 1b), but the proportion of 206 
incidental yawns increases from a true rate 12.38% to 30.19% (for a 3-minute latency) and to 41.74% 207 
(for a 5-minute latency). Note that these values are very similar to the values in Table 1b, but are 208 
theoretically different – the data in Table 2  do not allow for [true] contagious yawns to cause other 209 
contagious yawns (whereas this relationship is possible in table 1b).  210 
 211 
Table 2. Hypothetical Data in which yawns occur ‘once per hour’ (Base-Rate = 1.666) over 120-212 
simulated-minutes (simulated 25 times). Yawns increase the likelihood of subsequent yawns by a 213 
factor of 1.5 only in for a 1-minute latency. Data assumes a latency of 3- and 5-minutes. 214 
  
Mean 
Incidental 
Mean 
Contagious 
Mean 
Spontaneous 
Mean 
Total  
Percent 
Incidental 
Percent 
Spontaneous 
Percent 
Contagious 
Incident 
Latency 3 
988.68 
1092.12 
(34.32) 
1193.801 
3274.6 
(63.03) 
  30.19% 36.46% 33.35% 
(29.77) 
Incident 
Latency 5 
1362.88 
(47.53) 
1088.64 
(35.63) 813.081 
3264.60 
(47.00)   41.74% 24.91% 33.35% 
 215 
 216 
Discussion 217 
While it is the case that the values derived were based on the hypothetical value of 1-yawn-218 
per-hour, it would not matter whether we used 1-, 10-, or 100-yawns-per-hour, as the pattern of 219 
output would be functionally equivalent. To the best of our knowledge, no such estimate exists 220 
regarding how contagious a yawn is (i.e., to what extent a trigger influences yawn production above 221 
base-rates in those who observe it), and has been chosen conservatively. These data demonstrate 222 
two things: First, even if yawns are contagious, Type-1 error is still a serious problem. Second, the null 223 
hypothesis needs to be taken seriously – it remains entirely possible that the phenomenon of 224 
contagious yawning, as observed since antiquity, is illusory. While this may not be the case, the fact 225 
this has not been acknowledged suggests a failure in our empirical practices. The following behavioral 226 
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experiment replicates, as best as possible, an ecologically valid environment in which contagious 227 
group yawns occur, in order to produce data to feed into the model.  228 
 229 
Methods: The Behavioral Experiment 230 
 Participants 231 
 Undergraduate students (N=79) at a large Australian University made up the final data set, 232 
and participated in a total of 16 sessions (on average, 4.94 students per group session). The sample 233 
contained 61 women (77.2%) with a reported age range between 17 and 29 years (mean = 19.65, SD = 234 
2.38). Participants received credit in exchange for their time. Data from two additional sessions, 235 
which included a total of 10 participants, were excluded from analyses due to disruptive behaviour 236 
from one participant in each session, respectively. Of the 16 sessions that were analysed, 10 sessions 237 
were conducted in the morning, and 6 were conducted in the afternoon. All participants were 238 
verbally briefed, and written consent was obtained prior to participation. Participants indicted in 239 
writing whether their video data could be made public.  240 
 241 
 Experimental Design and Protocol 242 
 This was a within-subjects design with two levels of one factor. Participants sat listening to 243 
an audio programme on their personal devices while wearing a blind-fold, or not wearing a blind-fold. 244 
Participants arrived at a pre-specified time, and were tested as a group. A total of 16 groups were 245 
tested. On average, each group had 4.94 members (with a mode and max of 6, and a single minimum 246 
of 3). Upon arrival participants were asked to sit in chairs arranged around a table facing inwards 247 
(thus, each participant could potentially see all others when not wearing a blind-fold). They were told 248 
they would be asked to remain seated for the duration of the experiment. Then they were asked to 249 
listen to Chopin’s Complete Nocturnes using earphones on their personal electronic devices (iPhones, 250 
Androids, etc.). This was done for two reasons: first, in the event that someone yawned during the 251 
blind-fold condition the music/earphones prevented them from hearing it (which has been shown to 252 
elicit a contagious yawn; Massen et al., 2015), and second, participants interest levels were kept 253 
relatively constant. The order of blind and non-blind conditions was counterbalanced over testing 254 
sessions (7 groups were blind-folded in the first session, 9 groups were blind-folded in the second). 255 
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After 25 minutes of the first session participants were asked to either remove or don their blindfolds, 256 
depending on condition. At the completion of the testing session participants filled out a brief survey 257 
assessing to what extent they found the music interesting, how sleepy they were, their recollection of 258 
whether they yawned in the preceding hour, and self-report measures of their own tendency to yawn 259 
contagiously (see Supplementary Material for full list of measures)   260 
While evidence shows that being observed moderates the rate of yawning, participants were 261 
informed (in the written brief sheet) that they were being filmed. Two cameras were placed 262 
inconspicuously in the testing room. The experimenter sat at a remove from the group, facing a wall. 263 
At no point prior to the survey was any cue given that the experiment was about yawning (i.e., the 264 
experimenter did not yawn, and the recruiting and briefing process gave no indication as to the 265 
research topic).  266 
 267 
Behavioral Coding  268 
 The lead author coded the behaviour of all participants based on the video data (available in 269 
full online at [available upon publication or request]. Each time a participant yawned it was counted 270 
and time-stamped. A second blind researcher coded the dataset in it’s entirety. Reliability was 271 
extremely high in both session (First Session alpha = .980, Second session alpha = .959).   272 
 273 
Pre-registered analyses and Results 274 
The following pre-registered analyses and predictions were made: Analyses 1 (A1) and 2 275 
(A2), respectively, are t-tests between ‘interest’ in both session 1 and 2, as well as on ‘boredom’.  276 
Analysis 3 (A3) is a t-test between non-blind yawns in session 1 and 2, and Analysis 4 (A4) is a t-test 277 
between blind yawns in session 1 and 2. Analysis 5 (A5) was a t-test on all yawns in session 1 and 278 
session 2 (ignoring condition information). Analysis 6 (A6) was a t-test of yawns-per-minute between 279 
blind and non-blind conditions. Descriptive statistics are presented based on self-report measures.  280 
All the following questions were answered at the completion of both sessions. On two 281 
separate 10-point scales (where 1 was ‘Not bored/interested’, 10 was ‘Very bored/interested’, and 5 282 
being ‘moderately bored/interested’), paired-samples t-tests revealed that participants thought the 283 
first session was more interesting (M = 4.83, SD 2.24) than the second (M = 4.22, SD = 2.33), t(77) = 284 
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2.242, p = .028 (A1). Reflecting this, the second session was more boring (M = 6.35, SD = 2.51) than 285 
the first (M = 5.28, SD = 2.33), t(77) = 3.332, p = .001 (A2).  286 
To determine whether counter-balancing worked, we aggregated all yawns from all 287 
individuals into bins of one-minute. There was no significant difference between the average number 288 
of yawns produced per minute in Session 1 (M = .033, SD = .10) and Session 2 (M = .048, SD = .09), 289 
t(78) = .969, p = .336 (A5). We found there was no difference in the mean number of yawns-per-290 
minute when participants were blind-folded in Session 1 (M = .15, SD = .54) compared to Session 2 (M 291 
= .40, SD = .84), t(66.70) = 1.552, p = .125 (A4). There was, however, a difference in the mean number 292 
of yawns per minute when participants were able to see one another in Session 1 (M = .90, SD = 1.58), 293 
compared to Session 2 (M = 2.03, SD = 2.95), t(57.85) = 2.105, p = .04 (A3), such that participants who 294 
saw each other in Session 2 (rather than Session 1) yawned more frequently (discussed further in 295 
‘Non-registered analyses and results’).  296 
Overall, we found that when participants were blind-folded they produced a mean of .011 297 
yawns-per-minute (SD = .03), or .667 yawns-per-hour; when not blind-folded, participants produced a 298 
mean of .058 yawns-per-minute (SD = .10), or 3.48 yawns-per-hour, and this difference was 299 
significant, t(78) = 4.60, p < .001 (A6). Figure 2 shows the total number of yawns per minute for each 300 
condition. 301 
We also tested assumptions of the literature against beliefs of the participants. Seven of 79 302 
people (8.9%) reported that yawns were not contagious; all others reported they were contagious. 303 
When asked “How likely are you to yawn if you see someone [else] yawn?”, participants responded 304 
that they were, on average, 100.13% more likely to yawn (i.e., twice as likely; SD = 342.15). On 305 
average, participants believed that they would yawn in response to a trigger yawn typically after 306 
29.84 seconds (SD = 34.66 seconds), and that the cut-off for someone being able to ‘catch’ a yawn 307 
was, on average, 112.16 seconds (less than 2 minutes; SD = 171.02 seconds). When blindfolded, a 308 
total of 67 of 79 (84.8%) did not yawn at all, and when not wearing a blind-fold, a total of 46 of 79 309 
(58.2%) of participants did not yawn at all. Figure 2 shows the frequency of yawns.  Of the 38 people 310 
who yawned at least once during the experiment, only 8 (21.05%) claimed that during the experiment 311 
at least one of their yawns was ‘caught’ from someone else. When asked to remember how many 312 
yawns they produced during the experiment, the difference between their estimate (M = 2.17, SD = 313 
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2.72) was not significantly different from an objective count (M = 1.96, SD = 3.45), t(77) = .574, p = 314 
.567. There was no systematic pattern of correlations between any of these values (as well as 315 
boredom and interest) with total number yawns produced overall, or in specific sessions.   316 
 317 
 318 
Non-registered analyses and results 319 
 Determining that people yawn more frequently in the non-blind condition than the blind 320 
condition does not necessarily indicate contagion. It may simply mean the environment is conducive 321 
to frequent yawning. We conducted an autocorrelation to determine whether the presence of a yawn 322 
at Time-N is correlated at Time-(N+x), where x is increasing units of time.  In the blind condition, we 323 
found that yawning at T0 did not correlate with/predict yawns at any other time point (Figure 3a). We 324 
found a number of auto-correlations in the non-blind condition, but not at intuitive time-lags, 325 
although the overall trend is self-evident (Figure 3b).  326 
 As suggested by prior analyses, we tested for an interaction to confirm the finding that the 327 
likelihood of contagiously yawning increases when participants were able to see each other in the 328 
second phase of the experiment. Corroborating our pre-registered analyses, we found no main effect 329 
of order in which participants wore a blind-fold on yawns-per-minute, F(1) = 2.517, p = .115. As with 330 
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our prior analyses, we found a main effect of wearing a blind-fold, F(1) = 18.306, p < .001. As 331 
suggested by our manipulation checks, we found a significant interaction, F(1) = 6.124, p = .014. 332 
Looking at mean yawns-per-minute, this interaction reveals that participants who could see each 333 
other in the second session (M = .081, SD = .118) yawned more than those who could see each other 334 
in the first session (M = .036, SD = .063; See Figure 4).  335 
 336 
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 339 
To produce comparable data to other experiments, we used the standard protocol of 340 
identifying trigger yawns and counting all subsequent yawns. Specifically, we followed and modified 341 
the protocol of Demuru and Palagi (2012) as they outline the protocol most clearly, and have a similar 342 
dataset. The criteria were modified because, while the original criteria were applicable in the blind-343 
condition (in which the yawn frequency was low), they resulted in too many omissions in the non-344 
blind condition to provide representative results (original criteria in italics).  The criteria are as 345 
follows: 346 
A trigger yawn is any yawn that occurs, and which precedes another yawn from another 347 
person, within the specified latency, and which itself was not triggered; A contagious yawn is any 348 
yawn that occurred subsequent to a trigger yawn within the specified latency. Contagious yawns are 349 
only counted once, even if they could have multiple triggers; If a contagious yawn resulted in another 350 
person yawning subsequently, it is also considered a trigger yawn; A Spontaneous yawn is a yawn that 351 
is neither a trigger yawn, nor a contagious yawn. An individual who, for example, yawns 4 times in 4 352 
minutes, but does not arouse another to yawn, has produced 4 spontaneous yawns; If two people 353 
yawned at time x, and another person yawned at time (x+latency), then the first two yawns were 354 
both considered triggers.  355 
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We found that within the non-blind condition the number of ‘contagious yawns’ more than 356 
doubles if the latency is increased from 1-minute to 5-minutes (from 28.7% to 60.0%). The same 357 
method of attributing contagion in the blind condition suggests that 4.45% of yawns are contagious at 358 
1-minute (when actually they can only be incidental), and more-than-doubles to 13.64% at 5-minutes 359 
– a number which simply cannot reflect reality. See table 3 for all values. 360 
 361 
Table 3. Categorization of yawns based on experimental data. 362 
  Latency 
Spontaneous Trigger Contagious 
Trig / Cont 
Yawns Yawns Yawns 
Overlap 
Non-Blind 1-Minute 56 (48.70%) 36 (31.30%) 33 (28.70%) 
10 
N = 115 
yawns 
3-Minute 29 (25.22%) 58 (50.43%) 59 (51.31%) 
31 
  5-Minute 19 (16.52%) 73 (63.48%) 69 (60.00%) 
46 
Blind 1-Minute 20 (90.91%) 1 (4.55%) 1 (4.55%) 
0 
N = 22 3-Minute 17 (77.27%) 4 (18.18%) 2 (9.09%) 
1 
yawns 5-Minute 16 (72.72%) 5 (22.72%) 3 (13.64%)  
2 
 363 
Note: Totals of Spontaneous, Trigger, contagious yawns do not necessarily sum to 100% as there is 364 
overlap between trigger and contagious yawns. The absolute number of yawns that were double 365 
counted is listed in the ‘overlap’ column. 366 
 367 
An alternative question to ask is ‘how often do untriggered yawns trigger someone else to 368 
yawn?’. That is, what proportion of yawns that are not caused by other yawns (i.e., all spontaneous 369 
and all trigger yawns, as per table 3) appeared to cause another to yawn within the specified latency? 370 
Table 4 shows this value, where the absolute number of trigger yawns has been modified by half the 371 
value of the overlap column in order to prevent falsely inflating the result.  Here, we find a similar, but 372 
more extreme, pattern of results. This method of counting demonstrates the discrepancy between 373 
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erroneously assuming causation (as revealed by the rates in the blind condition), and the rates arrived 374 
at when causation is in principle possible.   375 
 376 
Table 4. The percentage of yawns that ‘cause’ subsequent yawns.  377 
 
Latency Spontaneous 
Yawns 
Trigger 
Yawns* 
Proportion of 
causal yawns 
Non-Blind 
N = 115 yawns 
1-Minute 56 (48.70%) 31 (26.96%) 35.63% 
3-Minute 29 (25.22%) 42.5 (36.96%) 52.15% 
5-Minute 19 (16.52%) 50 (43.48%) 72.46% 
Blind 
N = 22 
yawns 
1-Minute 20 (90.91%) 1 (4.55%) 4.76% 
3-Minute 17 (77.27%) 3.5 (15.91%) 17.07% 
5-Minute 
16 (72.72%) 4 (18.18%) 20.00% 
 378 
*Note: trigger yawns have been down-modified by half the value of the overlap column from Table 3. 379 
 380 
Similar to the data presented in table 3, table 4 shows that within the non-blind condition 381 
the number of ‘trigger yawns’ more than doubles if the latency is increased from 1-minute to 5-382 
minutes (from 35.63%% to 72.46%). The same method of attributing triggers in the blind condition 383 
suggests that 4.76% of yawns are triggered within 1-minute (when actually they can only be 384 
incidental), and more-than-quadruples to 20.00% at 5-minutes – again, this is a number which simply 385 
cannot reflect reality. 386 
 387 
 388 
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Analyses as a result of peer-review 389 
As familiarity and time of testing can impact contagious yawning, we also evaluated whether 390 
the extent participants knew each other and session time was associated with yawning patterns.  391 
Across a total of 79 participants, only 13 reported they had friends in the same testing 392 
session. Of the 16 sessions, 10 were conducted in the morning (beginning at either 1000 or 1030 393 
hours) and 6 in the afternoon (beginning at 1500 or 1600 hours).  In order to determine the influence 394 
of these factors on the number of yawns produced by individuals, a MANOVA was performed, in 395 
which total number of yawns produced when Blind and Non-Blind was (were) the dependent 396 
variable(s), and the binary values of ‘friends present’, and ‘time of day’ were entered as a random 397 
variable. When Blind, the influence of friends was non-significant F(1) = .380, p = .539, as was the 398 
influence of time of day, F(1) = .000, p = .985. When Non-Blind, the influence of friends was non-399 
significant, F(1) = .000, p = .992, as was the influence of time of day,  F(1) = .224, p = .637. We thus 400 
find no evidence that the presence of friends, or the time of day, influenced the total number of 401 
yawns individuals produced in either condition.  402 
We conducted a reliability analysis within yawners between blind and non-blind conditions,  403 
which produced an alpha = .308. Descriptively, of 12 people who yawned at least once in the blind 404 
condition, all but 3 yawned again in the non-blind condition. Of the 67 participants who produced no 405 
yawns in the blind condition, a total of 24 produced yawns in the non-blind condition. A total of 43 (of 406 
79) participants produced no yawns in either condition. Using an a priori method of power analyses, 407 
with n1 = 39 and n2 = 40, we had 80% power to detect an effect of size d = .64. 408 
 409 
Discussion 410 
 Data from the blind-folded session revealed that participants produced, on average, two-411 
thirds a yawn per hour, a rate comparable to the rates reported by Baenninger and Greco (1991) (in 412 
their control conditions in experiment 1) and Zilli et al. (2007). When participants could see each 413 
other, they produced considerably more yawns (about 3.5 yawns per hour, or one yawn every 15 – 20 414 
minutes), particularly when they could see each other in the second session rather than the first. This 415 
can most easily be seen in Figure 4. We found no pattern of auto-correlations when participants were 416 
blind-folded, indicating that a trigger yawn at T0 does not predict subsequent yawns after any 417 
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amount of time (as expected, given that ‘contagion’ was not possible). When participants could see 418 
each other, we found an odd pattern of auto-correlations. The literature to date suggests that yawns 419 
are contagious for up to 5-minutes, and that yawns are more contagious at low latencies than high 420 
latencies (Norscia & Palagi, 2011). The auto-correlations here suggest that a trigger at T0 positively 421 
predicts yawns at 4-minutes (r = .38) and 5-minutes (r = .12). It seems somewhat absurd that yawns 422 
are only contagious after 4 minutes, and not at all contagious in the first 3 minutes; this is neither 423 
supported by the literature, nor do the majority of participants believe it (whom, we assume, are 424 
representative). In investigating this pattern of results, we observed that over 95% of all yawns 425 
produced by individuals occurred within a 5-minute window of another of their own yawns – that is, 426 
participants who yawned tended to yawn in clusters within a 5-minute window, and nearly all yawns 427 
observed conformed to this pattern. It seems likely that the pattern of autocorrelations indicates that 428 
after yawning once, people are likely to yawn again 4 to 5 minutes later. If this interpretation is 429 
correct, then the fact that the autocorrelation identified it, but failed to identify an autocorrelation at 430 
shorter latencies, suggests that yawns are simply not contagious in the way they are commonly 431 
believed to be. 432 
 Given that yawns increase over-time, more so when we can see other people, and that the 433 
presence of a yawn at any given moment does not reliably or intuitively produce a yawn at 434 
subsequent brief latencies, we are forced to conclude that the influence of another person’s single 435 
yawn on one’s own likelihood to yawn is, at best, trivial. It is clear from this data that shared 436 
environmental factors and the saliency of the social situation, as well as individual differences in 437 
yawn-production, are vastly more accountable for the apparent phenomenon of yawn contagion. It 438 
also explains the apparent requirement of the literature to saturate participants with minutes of 439 
yawning-stimulus in order to elicit the effect, and to maintain a very liberal window in which yawns 440 
are considered contagious. 441 
While there is empirical evidence that familiarity and time of day influence the frequency of 442 
yawn production, our behavioral experiment did not find this. It is important to note in this context 443 
that our experiment was not designed to examine these relationships (indeed, we recruited as 444 
randomly as we could) and the difference in time between morning and afternoon session (between 445 
approximately 1000 hours, and 1500 hours) was not particularly wide. A richer interpretation may 446 
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nevertheless hold: if yawns are not contagious, then retreating into a myriad moderators and 447 
mediators is akin to fishing for significance. Alternatively, if it is the case that time of day and the 448 
quality of social relationships impact on the production of contagious yawns (which we do not 449 
challenge here), then our failure to observe it may suggest the effect is not as large as implied by the 450 
prevailing literature, and additional work needs to be conducted in order to quantify it.  We suggest 451 
that the use of additional and increasingly sophisticated methodological tools could address this; 452 
standard between-participants test/control designs may not be sufficient to capture the true nature 453 
of the relationship.  Here, we hope to have demonstrated that various assumptions of the purported 454 
effect need to be addressed before demarcating how the effect varies under specific conditions. 455 
One criticism of the behavioral manipulation is that there was no control over how often, 456 
and how totally, each participant could observe all other participants. While it may be possible to 457 
retrospectively examine this, we suggest it is not necessary (though the videos are made publicly 458 
available on the Open Science Framework should others wish to pursue it). The room(s) in which 459 
participants completed the task were  - as much as possible - devoid of other stimuli. The blinds on 460 
the windows were closed, the tables were cleared, phones and laptops were face down or turned off, 461 
and all paper was turned face down. We attempted to keep interest and boredom approximately 462 
equal for all participants (by way of the audio stimuli). It is possible that some participants spent some 463 
of the time looking at the floor, or avoided eye contact. But we point to the clear difference in yawn 464 
production to alleviate this concern – people yawned more frequently when they were able to see 465 
each other than when they could not. If those who support the claim that yawns are contagious 466 
accept this observation as true, but doubt the values obtained because participants weren’t required 467 
to stare at each other, then the burden of evidence is on them to explain this alternative mechanism 468 
of social yawn production: not only are yawns contagious, but yawns are also produced more 469 
frequently in a non-contagious manner in the presence of humans they can see, but choose not to. 470 
Let us once again appeal to the contexts in which we find ourselves apparently susceptible to 471 
contagious yawns: When sitting on a bus, in a waiting room, in a lecture theatre, or sitting in a café, 472 
we are able to see some finite number of others in our environment, a value that varies of time, and 473 
should we spy another yawning, we may ourselves produce a yawn in response. Certainly we may 474 
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miss some yawns produced by others, but not all. In this way we believe the current experiment is, 475 
for a controlled experimental situation, sufficiently ecologically valid. 476 
Regarding the observation that participants yawn more frequently when they can see each 477 
other after being blind-folded than before, a lean interpretation (favoured by the authors) is that 478 
yawns tend to increase over time (at least over the duration of the present experiment). We accept 479 
that people yawn more often when they can see each other, and so we simply suggest (a 480 
hypothetical) interaction between time (possibly a consequence of boredom, which also increased 481 
between session 1 and 2) and awareness of others. An alternative is that the state-change associated 482 
with the introduction of light, produced increased cortical arousal, which in turn, produced a greater 483 
number of spontaneous yawns (Seki et al., 2003). However, given that there was a main effect 484 
associated with being un-blinded, one that was not easily described by an auto-correlation, we chose 485 
not pursue this difference further (since the implication on contagious yawning are unclear – does 486 
either explanation lead to greater susceptibility to contagion?).  This may also explain the observation 487 
of a greater number of spontaneous yawns with a 1-minute latency were observed in the non-blind 488 
condition relative to the blind condition (despite counter-balancing the order of these conditions). 489 
The reasons such an observation is interesting is that, with a low latency, there ought to be fewer 490 
yawns attributable to contagion, thus, a high value here might indicate contagion exists and 491 
spontaneous yawns are being incorrectly defined as such. There are three possible explanations for 492 
this observation. First – and as described above - we simply produce more yawns in social contexts 493 
(i.e., when we can see others) than in non-social contexts. Second, this difference is due to the fact 494 
that yawns are contagious, but at latencies greater than accounted for in the data (i.e., at latencies 495 
greater than five minutes). We find this second explanation unlikely, since the autocorrelation reveals 496 
a negative relationship after six-minutes, and this explanation does not shed any light on the 497 
observation regarding the greater number of yawns when the non-blind condition came after the 498 
first. Third, yawns are contagious, but for whatever reason the autocorrelation failed to detect this 499 
relationship. We do not think this third explanation is particularly parsimonious, but a more highly-500 
powered replication with the given methodology might provide support for this position. However, 501 
we do not think this is the case, and generally favour the first explanation: That is, we produce more 502 
yawns in social contexts, even though yawns themselves may not cause additional yawns in others.   503 
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A final criticism (raised in the peer review process) is that the rate of 3.5 yawns per hour 504 
observed in the unblinded condition is greater than is typically observed and reported, and as such, 505 
calls into question the ecological validity of our study. The number of yawns per hour found here may 506 
be unprecedented by virtue of the fact that no published experimental study (to the best of our 507 
knowledge) has replicated the conditions of the ‘waiting room’ (or the bus, or other similar 508 
environments). If our participants were left to freely interact with each other, or distract themselves 509 
with their phones (for example), our observed rates almost certainly would have been lower and 510 
hence more similar to rates reported in non-experimental observational studies where the actions of 511 
participants are left to vary in unconstrained and unreported ways. Instead, we argue that our results 512 
are ecologically valid and apply to a set of environmental conditions experienced frequently and, 513 
rather than being dismissed as unrepresentative, should be regarded as providing additional 514 
perspective on this complicated issue.  515 
 516 
Fitting the Data to the Model 517 
 The mean number of participants per group in the behavioural experiment was 4.94, who, 518 
when they could see each other, yawned at a rate of .0582 yawns-per-minute (or 3.492 yawns-per-519 
hour).  Since it is not common for individuals to consider themselves in the number of people they 520 
observe, the model was set so that each agent could see 4 others in their immediate neighbourhood. 521 
Because the base-rate of yawns (in the blind condition) was .011 yawns-per-minute, the base-rate of 522 
yawns was set such that agents have a 1.111% chance of yawning on any given tick. There were 1089 523 
agents in the model, each with a 1.111% of yawning in any given minute, over a period of 2-hours: 524 
thus, we would expect to observe 1452.72 yawns in total. We observed, over 75 independent runs, a 525 
mean of 1459.56 (SD = 38.50). 526 
As can be seen in table 5, the simulation data of the blind condition matches very well at 1-527 
minute latency. The higher values at greater latencies in simulation data simply reflect the increased 528 
power of the model; the behavioural experiment generated far less data, and so likely is an 529 
underestimate of the population mean. Additionally, in our 25 simulations all agents could always see 530 
4-other agents (i.e., agents were in groups of 5), in the behavioural experiment, this value varied 531 
between 3 and 6.    532 
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 533 
Table 5. Mean values of 25 simulations of the Blind condition where the base-rate = .0111 per tick, 534 
where agents can see 4 other agents, with no contagion, over 120-simulated-minutes.  535 
 Latency Spontaneous 
Yawns 
Incidental 
Yawns (SD) 
Total Yawns (SD) 
Simulation 
Data 
1-Minute 1344  
(95.39%) 
64.92 (7.68) 
(4.61%) 
1408.92 (38.94) 
3-Minute 1278.68  
(87.25%) 
179.68 (17.79) 
(12.75%) 
1458.36 (41.55) 
5-Minute 1219.48  
(79.28%) 
291.92 (80.69) 
(20.72%) 
1511.4 (35.00) 
Behavioral 
Data (Blind 
Condition) 
1-Minute 20 (90.91%) 1 (4.54%)  
22 
3-Minute 17 (77.27%) 2 (9.09%) 
5-Minute 16 (72.72%) 3 (13.64%) 
 536 
 537 
  Despite the fact that our analyses of behavioural data suggest that yawns are not 538 
contagious, there was a difference between groups. One experiment alone cannot undermine the 539 
claim that yawns are contagious, and so we will optimize the model on the assumption that the 540 
increase in yawns is due to contagion, and not due to other factors (such as those previously 541 
described). The process of optimization is simple: At a base-rate of .667 yawns-per-hour, we expected 542 
(and observed) that 1089 agents should produce 1452.73 yawns over the 2-hour period.  When 543 
participants in the behavioural experiment could see each other, they produced 3.492 yawns-per-544 
hour, and so we ought to expect to see 7605.576 yawns. Thus, we simply searched through 545 
parameters to find a contagion value that produced this output without altering any other values. We 546 
found, over 25 independent runs, a contagion factor of 2.665 produced a mean number of 7608.64 547 
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(SD = 82.33) yawns when yawns were contagious for 1-minute; we found a contagion factor of 2.657 548 
produced a mean number of 7605.80 (SD = 79.77) when yawns were contagious for 3-minutes, and a  549 
contagion factor of 2.649 produced a mean number 7599.88 (SD = 84.85) when yawns were 550 
contagious for 5-minutes. Table 6 shows the proportion of contagious and incidental yawns according 551 
under these conditions. We observed that, when yawns are considered contagious at a latency of 1-552 
minute, 7.96% of those considered contagious are actually incidental, at 3-minutes this value is 553 
19.14%, and at 5-minutes, the proportion of incidental yawns miscategorised as contagious is 26.03%.   554 
 555 
Table 6. Mean values of 25 simulations per latency of the Non-Blind condition where the base-rate = 556 
.0111 per tick, where agents can see 4 other agents, with stated contagion, over 120-simulated-557 
minutes.  558 
 Latency Spontaneous 
Yawns 
Contagious 
Yawns (SD) 
Incidental Yawns 
(SD) 
Total Yawns (SD) 
Simulation 
Data 
1-Minute 
Cont = 2.665 
2236.92 
(29.40%) 
4766.36 (55.12) 
(62.64%) 
605.63 (28.68) 
(7.96%) 
7608.65 (82.33) 
3-Minute 
Cont = 2.657 
1393.44 
(18.32%) 
4756.4 (50.24) 
(62.53%) 
1455.96 (41.20) 
(19.14%) 
7605.8 (79.77) 
5-Minute 
Cont = 2.649 
890.28 
(11.71%) 
4731.04 (66.69) 
(62.25%) 
1978.56 (51.74) 
(26.03%) 
7599.88 (84.85) 
 559 
 560 
General Discussion 561 
 Do humans in groups yawn in each other’s presence more often than when alone? Certainly. 562 
Our subjective and affective observations suggest so, and both this data and a history of (somewhat 563 
contrived) historic experiments have demonstrated that the observation of yawns leads to an 564 
increase in yawning. Is yawning contagious (does the observation of a trigger yawn cause one to yawn 565 
in response, in an unlearned manner)?  Maybe. An auto-correlation (which takes input at one time 566 
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and correlates it with input with a time-lag) suggests that yawns are not immediately contagious, and 567 
simultaneously indicates we tend to yawn in clusters (indeed, 95% of all recorded yawns in the non-568 
blind condition occurred within 5-minutes of a yawn made by the very same person). Perhaps more 569 
critically though, it is demonstrated here that, even if yawns were not contagious, it would be an easy 570 
and predictable mistake to make to conclude they were (an important observation, one that has no 571 
precedent, and ought to stand as evidence that the field has a blind-spot). If yawns are contagious 572 
(and let’s assume they are) then it is also the case that we have a long and documented history of 573 
willfully failing to account for the miscategorization of contagious yawns (by failing to assume that 574 
yawns are produced at a base-rate). This has two implications. First, we have over-estimated the 575 
magnitude and meaning of a contagious yawn. Not only do we often risk calling a spontaneous yawn 576 
contagious when it is actually incidental, we also omit from analyses a variety of data which is too 577 
difficult to appropriately categorize. This has led to the second problem; By using low quality data in 578 
our theorizing on the evolutionary significance of contagious yawns (primarily in Homo), we may have 579 
been doing little more than seeing faces in clouds or reading tea-leaves.  580 
To the extent that assumptions of the model presented here seem insufficient or 581 
unreasonable, we respond that we merely formalized (in a programming language) assumptions 582 
extant in the literature. We acknowledge that yawns appear to vary throughout the day and 583 
according to one’s chronotype (Zilli et al., 2007). Further, we acknowledge that individual differences 584 
associated with social awareness or mentalizing also bear upon one’s tendency to contagiously yawn 585 
(Bartholomew & Cirulli, 2014; Demuru & Palagi, 2012; Norscia et al., 2016; Norscia & Palagi, 2011; 586 
Palagi et al., 2009; Platek et al., 2003; Rundle et al., 2015). We acknowledge that some existing 587 
experimental protocols are used to mitigate the influence of social factors. And yet, we suggest that 588 
the appropriate response to our provocative position is not to appeal to our omission of these factors 589 
and dismiss our claims, but rather, to accept that this simple model can be improved to better 590 
account for these important variables in the future. This model and experiment should be the starting 591 
point in re-examining and attempting to falsify this phenomenon; it is not intended to be a full-stop 592 
on the discussion and conclusive statement that yawns aren’t contagious (or are with an exact factor 593 
of 2.65) – merely that there are assumptions in the literature that need reconsidering, and a formal 594 
re-examining using alternative means (presented herein) is one appropriate way to proceed. 595 
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 In examining the ultimate role yawns play, this paper has gone some way in answering 596 
important questions.  To what extent is Type-1 error a problem? It is non-trival. Is there a causal 597 
relationship between a trigger and a contagious yawn (more than can be inferred by ANOVAs)? 598 
Maybe; if so, a single observed yawn raises the likelihood of yawning by a factor of about 2.65. Can 599 
this tool be applied to future yawn research? Absolutely. How seriously have we examined the null 600 
hypothesis? Not seriously enough. Are there a variety of unasked questions which are fundamental in 601 
allowing evolutionary hypothesizing? YES!  602 
In designing a formal model of yawn contagion several important questions arose which 603 
have not been sufficiently addressed in the literature, and which have essentially been buried by 604 
common methodologies: Is the observation of one trigger yawn differentially more or less influential 605 
than the observation of two or more trigger yawns in the same period? Given the current manner in 606 
which yawns are aroused by way of minutes of continuous yawn stimuli, this needs to addressed. To 607 
what extent does contagion diminish over time, and what shape does the trace decay over time? 608 
Present assumptions about 3- and 5-minute windows assume a flat function that is equally contagious 609 
at each minute after a trigger, but which returns to 0 after an arbitrary (and a-theoretical) threshold. 610 
The present data and model (as well as improved accountability in the future) might better illustrate 611 
in what manner yawns are contagious over time. Why is it so hard to observe a contagious yawn in 612 
the wild? Because they don’t happen that often, and the increase in likelihood above the base-rate is 613 
quite modest (so modest that the observation of a true effect in the wild is likely below our threshold 614 
for being able to detect an effect of the given magnitude). These, and other questions, need to be 615 
answered to improve our understanding of what it means to say ‘yawns are contagious’. 616 
In attempting to resolve and quantify some of these questions, we can now ask more 617 
important questions (that can hopefully resolve current ‘are for’-focused debates). To the extent that 618 
yawns allow evolutionary inference, we can now compare not just their role, but the magnitude of 619 
their influence, to other contagious behaviours.  To the extent that yawns are contagious and 620 
informative, are they more so than, say, contagious itching (Feneran et al., 2013; Schut, Grossman, 621 
Gieler, Kupfer, & Yosipovitch, 2015)? Contagious itching shares many features with contagious 622 
yawning (e.g., deep evolutionary history, associations with environmental factors, personal history 623 
and experience, social-cognitive factors, and illness;  Schut et al., 2015). Indeed it is possible that 624 
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itching is more contagious than yawning, and the data presented herein goes halfway to resolving 625 
that comparison. Likewise for whether or not laughter (Provine, 2004) or smiles (Dimber, Thunberg, & 626 
Elmehed, 2000; Surakka & Hietanen, 1998), or any other social- and socially-informed behaviour is 627 
more contagious and informative than yawning.  Inasmuch as it makes sense to suggest that yawns 628 
are a mechanism for facilitating social synchronization (as one example), does it make sense to say 629 
also that itching serves a similar role? Only better resolution of these questions (and more clearly 630 
quantified comparisons to other contagious / releasing behaviours) can inform our understanding.  631 
There are several other approaches that can address issues in this literature. As was the case 632 
with this study, pre-registration can go some distance to enhancing experimental transparency, 633 
reducing experimenter degrees of freedom, and forking-paths decisions, and will not only influence 634 
what is measured and reported, but what is published.  Second, given the historical precedent that 635 
yawning is contagious (dating back to antiquity) it may be reasonable to infer that the belief that 636 
yawns are contagious (perhaps erroneously arrived at) has spread to such an extent the belief itself - 637 
that yawns are contagious (widely, but not universally held) - accounts for considerable variance in 638 
whether or not yawns are spread within a group (thereafter maintained by pattern recognition error 639 
and confirmation bias). Measuring this as a variable, and potentially undertaking significant cross-640 
cultural research to establish that evolutionary theorizing is appropriate, is necessary for advancing 641 
the field.  642 
To conclude we make a singular claim: It is time to take more seriously the null hypothesis 643 
(and all this implies) and attempt to falsify our claims. Our own subjective experience and confidence 644 
that yawns are contagious needs to be put aside so that our methods of induction and attributions of 645 
contagious yawns can be appraised for their appropriateness. Management of type-1 error must be 646 
resolved. Other tools for examining the phenomenon must now be considered in determining how 647 
best to answer the kinds of questions we’re asking. To that end we make our model publicly available 648 
with instructions, and offer our services in extending the model to account for wide range of 649 
documented correlates and factors associated with contagious yawning.  We hope this will underpin 650 
ongoing discussion and resolution of longstanding debates.  651 
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Supplementary Material: The Model 657 
 658 
The Model 659 
 We used NetLogo to create our computer model. NetLogo is an Agent-Based Modelling 660 
(ABM) language which allows authors to program virtual environments populated by agents who 661 
follow specific rules (Bonabeau, 2002) . The following overview is in according with the ‘Standard 662 
Protocol’ for report ABMs, as described by Grimm et al. (2006). The model presented is a form of 663 
cellular automata. 664 
 665 
 Overview of the Model 666 
  Purpose of the Model 667 
 The purpose of the model was to create a simulation in which agents yawn, where those 668 
yawns could cause other agents to yawn. Importantly, this model specifies a base-rate likelihood that 669 
an agent will yawn, allowing us to quantify what proportion of ‘contagious yawns’ were actually 670 
spontaneous yawns that only appear to be ‘contagious’. We term these ‘incidental yawns’ – yawns 671 
which are actually spontaneous, but by virtue of the timing to ‘trigger yawns’ are miscategorised. 672 
Additionally, this model allows us to quantify the ‘contagion factor’ of a yawn (i.e., how many more 673 
times an agent is to yawn in response to observing a trigger). 674 
 675 
  Variables of the Model 676 
 A global variable is a variable applicable or accessible to all agents in the model. This model 677 
has 4 global variables, each described in Table 1.  678 
 679 
 680 
 681 
 682 
 683 
 684 
 685 
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Table 1. A description of global variables used in the agent-based model of contagious yawns. 686 
Variable Description 
Base-Rate This value specified how likely (%) an agent was to yawn on any given 
‘tick’ of the model (e.g., 1.66% chance to yawn per tick). * 
Contagion-Factor This value determines to what extent the Base-Rate is modified (e.g., a 
contagion-factor 2.00 would increase the base-rate to 3.32). 
Sees-how-many This value determines how many other [immediately adjacent] agents all 
agents could ‘see’. This value could be set from 0 to 28.  
Yawn-latency This value determines how long a ‘spontaneous’ yawn can influence 
those who observed it. * 
 687 
 688 
In addition to global variables, each agent ‘owned’ one idiosyncratic variable called ‘latent-yawn’. This 689 
variable was based on the ‘Yawn-Latency’ variable. After an agent yawns it set it’s ‘latent-yawn’ 690 
variable to the value of the ‘yawn-latency’. Each tick of the model this value decreased until it reach 0, 691 
at which point it ceased to influence other agents who could ‘see’ it.   692 
 693 
  Process overview and Scheduling 694 
 This is an exceptionally simple Agent-Based Model, and is a form of Cellular Automata. The 695 
environment itself does not influence the agents, and as such, there are no variables to describe. 696 
Time proceeds in ‘ticks’ (analogous to minutes). The order of operations in which the agents act 697 
within the world is also simple: 698 
 699 
1. Any agent who yawned on the previous tick (red agents) turns blue (non-yawn state). The 700 
patch on which this agent sits turns black.  701 
2. Agents reduce their ‘latent-yawn’ value by 1. 702 
3. Agents calculate whether they yawn on this tick, and if appropriate, they yawn. 703 
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 704 
 Design Concepts 705 
 The model described thus far calculates the likelihood of a given agent yawning in any given 706 
‘tick’. The model asks each of the 1024 agents in random order to calculate this value in turn. To 707 
calculate a yawn each agent generates a random-floating number between 0 and 99.999… (e.g., 708 
65.2432 or .0396). If this randomly generated number is less than the base-rate (e.g., 1.666), then the 709 
agent spontaneously yawns. Agents who had neighbours yawn before their opportunity to calculate 710 
their own yawn have their base-rate probability influenced by the contagion-factor. If the contagion-711 
factor is set to 1.75 (for example), then the base-rate for that agent becomes 2.9155. If the random 712 
number is less than this [increased] value the agent yawns, but the yawn is only considered a 713 
‘contagious yawn’ if the value is greater than the base-rate and less than the [base-rate * contagion-714 
factor] (e.g., 2.0132). Contagious yawns are represented by a yellow patch. If the random number is 715 
less than the base-rate (i.e., falling below the threshold of the unaltered base-rate; e.g., 1.4448) the 716 
agent yawns, but it is considered an ‘incidental yawn’ (and is represented by a white patch). 717 
Incidental yawns are yawns that would have occurred independent of the observation of a 718 
neighbours’ yawn.  A latency of x ticks means agents are influenced by the observation of a yawning 719 
neighbour for a duration of ticks equal to this value.   720 
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Supplementary Material: The Survey 721 
Ordinary and Contextual Behaviour 722 
 723 
Age __________     Date  __________ 724 
Gender __________ 725 
 726 
In which session were you blind-folded:    Session 1 Session 2 727 
 728 
On a scale of 1 – 10, how sleepy are you? 729 
1 2 3 4 5 6 7 8 9 10 730 
Not sleepy at all      Moderately                Very Sleepy 731 
         Sleepy 732 
 733 
On a scale of 1 – 10, how interesting was the audio program in session 1? 734 
1 2 3 4 5 6 7 8 9 10 735 
Not interesting       Moderately               Very Interesting 736 
     Interesting 737 
 738 
On a scale of 1 – 10, how interesting was the audio program in session 2? 739 
1 2 3 4 5 6 7 8 9 10 740 
Not interesting       Moderately               Very Interesting 741 
     Interesting 742 
 743 
On a scale of 1 – 10, how bored were you in session 1? 744 
1 2 3 4 5 6 7 8 9 10 745 
Not bored        Moderately               Very Bored 746 
     Bored 747 
 748 
 749 
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On a scale of 1 – 10, how bored were you in session 2? 750 
1 2 3 4 5 6 7 8 9 10 751 
Not Bored        Moderately               Very Bored 752 
     Bored 753 
 754 
The people in this study were your classmates – would you say that you had a stronger relationship 755 
with any of the people in your testing session beyond being classmates (e.g., friends, best-friends, 756 
romantic partners, or family)?         Yes757 
 No 758 
 759 
If so, how many people would you say were ‘more’ than classmates?  _________ 760 
 761 
Please answer the following questions from your own, personal, perspective. 762 
 763 
Do you believe yawns are contagious?     Yes No 764 
If someone yawns near you, are you more likely to yawn than normal? Yes No 765 
If someone yawns near you, are you less likely to yawn than normal? Yes No 766 
 767 
How many times did you yawn in this experiment (excluding during this survey)   768 
          769 
 _________ 770 
 771 
Did you ‘catch’ a yawn from anybody during this experiment?  Yes No 772 
If so, how many times did you catch a yawn?    _________ 773 
 774 
How likely are you to yawn if you see someone yawn? 775 
e.g., 2% more likely to yawn, 35% more likely to yawn, 400% more likely to yawn. 776 
Please feel free to use any value you want:     _________ 777 
 778 
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If someone yawns near you, on average, how long until you yawn in response?  779 
(e.g., 30 seconds, 1 minute, 5 minutes)     _________ 780 
 781 
If someone yawns near you, for how long afterwards do you think you are able to ‘catch’ that yawn? 782 
That is, after what amount of time would you consider a yawn to be spontaneous and not in response 783 
to the yawn of the first person?                   784 
           785 
   _________ 786 
 787 
Do you think there are any other factors which influence how likely you are to yawn in response to 788 
someone else’s yawn? (Please write below or ask for more paper).  789 
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